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FOREWORD 


This Bibliography is one of several produced as a result of collaboration 
under COST90bis, the second European Project on the Physical Properties 
of Foods. 

The objectives of COST90bis and its predecessor, COST90, were: more 
reliable, more accessible, more useful — or just simply, more information 
on the physical properties of food materials, in particular, more precise and 
accurate quantitative data. 

COST90/90bis coordinated the efforts of many individuals and organ- 
isations in some 15 participating states, which took various forms and 
had different outcomes. These are fully described in the Proceedings of 
the Final Seminars of COST90 and COST90bis, “Physical Properties of 
Foods” (Jowitt, R. et al y 1983) and “Physical Properties of Foods — 2” 
(Jowitt, R. et al , 1987). In all the subject groups of COST90bis, however, a 
small, dedicated group of individuals undertook to produce at least 
comprehensive bibliographies on their subject along with, where feasible, 
quantitative data extracted from that literature. The first (Wolf, Spiess and 
Jung, 1985), on Sorption Properties of Foods, was well received by readers 
and it is felt that the complete collection of bibliographies will fill an 
important need and serve a valuable function in food engineering, 
technology and science. 

Their colleagues are greatly indebted to the compilers — in this case Mike 
Kent — and their associates for their painstaking work and invaluable 
product. 


Ronald Jowitt 

COST90/90bis Project Leader 
London, August 1987 
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INTRODUCTION 


Not since Adam (1969) has an attempt been made to bring together 
references on electrical and dielectric properties of foodstuffs in a 
publication such as this. Since then substantially more has been published, 
much of it not readily available to those who need or wish to know about it. 
It is therefore time for a new collection to appear and it is appropriate that 
it should do so under the auspices of COST90bis. 

In compiling this bibliography papers were assessed from complete 
copies or abstracts and only references containing quantitative electrical or 
dielectric data have been included; many publications on the subject 
describing techniques but containing no data have thus been excluded. 

Certain references included are themselves reviews or bibliographies 
containing mainly previously published values. Some of the data quoted in 
them, however, are without reference to any other publication and appear 
to originate in the review concerned. Nevertheless, it is felt that they should 
be included in a bibliography such as this. 

This bibliography was compiled as part of the collaborative work of 
COST90bis in the field of electrical and optical properties of foodstuffs. 
(COST stands for European Cooperation in Scientific and Technological 
and Research, subjects concerned with Food being designated by the first 
digit ‘9’ physical properties — the first project in the food field by the second 
digit 4 0’). 

COST90bis, the second such project on the physical properties of foods 
was concerned with electrical and optical properties, mechanical properties 
and diffusion properties. 

In section (1) the references are arranged in alphabetical order of first 
author’s names and numbered sequentially. Section (2) then classifies them 
by number under various subject heads, notably food substances. Section 
(3) then groups the references by number into four measurement frequency 
ranges felt to be most convenient for readers. Finally, electrical and 
dielectric data on specific food materials from the publications listed are 
tabulated in Section 4. 

The contributions of members of the COST subgroup dealing with 
electrical properties are hereby acknowledged and individual thanks go to 
the following: 

F. O’Connor, Dept, of Dairy and Food Engineering, University College, Cork, 
Ireland. 
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I. Laursen, Dept, of Electrophysics, Technical University of Denmark, Lyngby, 
Denmark. 

M. Ollivon and F. Henry, CNRS, Organisation Moleculaire et Macromoleculaire, 
Thiais, France. 

P. Pissis, Technical University of Athens, Greece. 

T. Ohlsson and K. Skjoldebrand, SIK — The Swedish Food Institute, Gothenburg, 
Sweden. 

F. Fernandez Martin, Instituto del Frio, Madrid, Spain. 

and finally 

K. Parkin (nee Thomas), K. Maitland and A. Wood who performed the arduous 
task of typing many of these references into STATUS, the database of the 
UK Ministry of Agriculture, Fisheries and Food. 
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Section 1 


BIBLIOGRAPHY, ARRANGED ALPHABETICALLY 
ACCORDING TO FIRST AUTHOR’S NAME 
IN CHRONOLOGICAL ORDER; 

NUMBERED CONSECUTIVELY 


The letters in the right-hand margin refer to the language in which the original 
reference was published. 

C — Czech 
E — English 
F — French 
G — German 
R — Russian 
Rum — Rumanian 
P— Polish 
S — Spanish 
J — Japanese 


3 




1. F 

Abadie P., Charbonniere R. , Gidel A., Girard P., and Guilbot A. (1953). 
'L'eau dans la cristallisation du maltose et du glucose et etats de 
l'eau de sorption de l'amidon d'apres les spectres d'absorbtion en 
radiof requence f , 
j. Chim. Phys. 50 46-52 


Ahlgrimm H J. (1977). 

'Dielectric determination of the moisture content of foods', 
Z. fur Lebensm-Tech. und Verfahrens. 28 305-311 


G 


3. E 

Ajibola 0. 0. (1985). 

'Moisture dependence of some electrical and dielectric properties of 
cassava' , 

J. Sci. Fd Agric. 36(5) 359-366 


4. E 

Akyel C., Bosisio R. G., Chahine R., and Bose T. K. (1983). 

'Measurement of the complex permittivity of food products during 
microwave power heating', 

J. Microwave Power 18 355-366 


5. R 

Andrejev S. N., and Kudin V. N. (1958). 

'Electrical properties of some food products in high frequency fields', 
in 'Novye Fizicheskie Metody Obrabotki Pischevykh Produktov' Vol 3 
Moskva-GOSINTI 


6. G 

Arndt G., and Raueber H J. (1979). 

'Determination of the dielectric characteristics of meat', 

Fleisch 33 216-218 


7. E 

Ballard L. A. T. , Nelson S. 0., Buchwald T., and Stetson L. E. (1976). 
'Effects of radiofrequency electric fields on permeability to water of 
some legume seeds with special reference to strophiolar conduction', 
Seed Sci. and Technol. 4 257-274 


8. R 

Balynbark V. A., Lapshin A. A., and Nazimov N. P. (1974). 

'The effect of artificial moistening of dried milk products on their 
electro-physical properties', 

Izv. Vyssh. Ucheb. Zaved. Pisch. Tekh. 61-62 


9. R 

Bazhenov V. A., Stepanchenko E. S., Tereschenko A. K., and 
Kornelyuk B. V. (1978). 

'Development of high frequency moisture meter', 

Moloch. Prom. (10) 12-14 
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10 . 


R 


Bazhenov V. A., and Kornelyuk B. V. (1979). 

'Relationship between relative dielectric permittivity of butter and 
degree of aqueous phase dispersion', 

Trudy Vses. Nauchno-Issled Inst. Maslod. Syrod. Prom. (28) 56-59 


11. R 

Bazhenov V. A. f Stepanchenko E. S., and Tereschenko A. K. (1980). 
'Analytical expression of relationship between dielectric permittivity 
and moisture content of butter', 

Moloch. Prom. (2) 45-47 


12. R 

Beloborodov V. V., and Simov'yan S. V. (1978). 

'Dielectric properties of sea fish (Leraonema) sausage', 

Izv. Vyssh. Ucheb. Zaved. Pisch. Tekh. (3) 156-158 


13. R 

Belyaev M. I., Ryzhova N. V., and Yazikov V. N. (1977). 

'Dielectric properties of some edible fats', 

Maslod. zhirov. Prom. (4) 25 


14. E 

Bengtsson N. E., Melin J., Remi K., and Soderlind S. (1963). 
'Measurements of the dielectric properties of frozen and defrosted meat 
and fish in the frequency range 10-200MHZ', 

J. Sci. Fd Agric. 14 592-604 


15. E 

Bengtsson N. E., and Risman P. 0. (1971). 

'Dielectric properties of foods at 3 GHz as determined by a cavity 
perturbation technique. II Measurements on food materials', 

J. Microwave Power 6 107-123 


16. E 
Bengtsson N. E., and Ohlsson T. (1974). 

'Microwave heating in the food industry', 

Proc. IEEE 62 44-55 

17. E 
Bengtsson N. E. (1976). 

'Dielectric heating as a unit operation in food processing- heating 
fundamentals and applications of radio-frequencies and microwaves' , 
Confructa 21 7-8,10,12,14,16-23 


Bhattacharyya G. N. (1936). 

'Studies on some Indian vegetable oils: part 2. Dielectric constant and 
electric moment', 

Ind. J. Phys. 10 281-294 


Bouldoires J. P. (1979). 

'Determination of crystallisation by dielectric means', 

Int. Union of Food Science and Technology, Food Enqineerinq Symposium 
abstract no. 1.1.11 
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20 . 


Bowles R. E . , Bruijn J . , and Graham W. (1966). 
'Ash and conductivity of sugar samples', 

S. Afr. Sug. J. 50 163-167 


21. R 

Bozhenov G. P. (1978). 

'Study of the electrophysical properties of bread in order to improve 
drying' , 

Khleborek. Kondit. Prom. (11) 32-34 


22. E 

Brown R. H., and Perry J. S. (1966). 

'The electrical properties of apples and potatoes', 

ASAE paper (66-332) ASAE St Joseph MI USA 


23. Pol 

Budny J., Turowski J., Zander L. # and Zander Z. (1979). 

'Dielectric properties of dried milk suspensions in immersion fluid', 
Zesz. Nauk. ART Olszt. Technologia Zywnosci (15) 81-90 


24. E 

Callow E. H. ( 1936 ) . 

'The electrical resistance of muscular tissue and its relation to 
curing' , 

Report of the Food Investigation Board, London 75-81 


25. E 

Callow E. H. (1937). 

'The electrical resistance and microstructure of muscular tissue', 
Report of the Food Investigation Board , London 46-54, 57-61 


26. E 

Chabiera J., and Sowa T. (1978). 

'Determination of flour moisture by measuring the dielectric loss 
factor tan(delta)', 

Acta Aliment. Pol. 4 321-330 


27. F 

Charbonniere R. , and Guilbot A. (1962). 

'Etude du rassisement de la mie de pain par spectroscopie hertzienne. 
Caracterisation de l'etat rassis', 

Comptes rendus 252 1-3 


28. E 

Chugh R. K., Stuchly S. S., and Rzepecka M. A. (1973)* 

'Dielectric properties of wheat at microwave frequencies', 

Trans. ASAE 16 906-909,913 


29. Rum 

Ciobanu A. (1970). 

'Decongelarea produselor alimentare prin curenti de inalta f recuenta' , 
Industria Aliment. Buc. 21 250-254 


7 



30. 


E 


Clements R. L. (1977). 

'Distribution of ash among flour extracts and fractions and its 
relation to electrical conductivity'. 

Cereal Chem. 54 840-847 


31. E 

Clements R. L. (1977). 

'Electrical conductivity of flour suspensions and extracts in relation 
to flour ash' , 

Cereal Chem. 54 847-854 


32. E 

Corcoran P. T., Nelson S. 0., and Stetson L. E. (1969). 

'Determining dielectric properties of grain and seed in the 
audiofrequency range', 

ASAE paper (69-352) ASAE St Joseph MI USA 


33. E 

Corcoran P. T., Nelson S. 0., Stetson L. E., and Schaphoff C. W. 

(1970) . 

'Determining dielectric properties of grain and seed in the 
audio-frequency range', 

Trans. ASAE 13 348-351 


34. E 

Cugh R. K. (1973). 

'Dielectric properties of wheat at microwave frequencies', 

Trans. ASAE 16 906-909 


35. E 

Daniel D. N., and White G. M. (1967). 

'Dielectric properties of the potato', 

ASAE paper (67-808) ASAE St Joseph MI USA 


36. r 

Danilevskii A. S., and Chernenko L. A. (1979). 

'Electrophysical characteristics of products manufactured from apples', 
Vinod. Vinogr. SSSR (1) 41-42 


37. r 

Danilevskii A. S., Pevznov M. G., Tyurin S. T., and Ageeva G. T. 

(1981). 

'Effect of fining agents on the electrical conductivity of must', 

Vinod. Vinogr. SSSR (8) 21-22 


38 . ] 

Daoukaki-Diamenti D., Pissis P., and Boudouris G. (1984). 
'Depolarisation thermocurrents in frozen aqueous solutions of mono and 
di-saccharides', 

Chem. Phys. 91 315-325 


de Loor G. P., and Meijboom F. W. (1966). 

'The dielectric constant of foods and other materials with high water 
contents at microwave frequencies', 

J. Food Technol . 1 313-322 
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40. 


E 


Dunlap W. C . , and Makower B. (1945). 

'Radio frequency dielectric properties of dehydrated carrots', 
J. Phys. Chem. 49 601-621 


41. E 

Ede A. J., and Haddow R. R. (1951). 

'The electrical properties of food at high frequencies', 

Food Manufacture ppl56-160 


42. E 

Edwards V. f and Hoelscher E. (1964). 

'On the dielectric constant of starch solutions', 

Die Starke 16 321-324 


43. E 

El Shabrawy S. A., and Haggag H. F. (1980). 

'Studies on the electrical conductivity of milk', 

Egyptian J. Dairy Sci. 8 95-102 


44. S 

Ermolaeva G. A., Galban, and Diaz I. (1980). 

' Electrophysical characteristics of raw cane sugar liquors', 

Cuba Azucar Jan-March 41-45 


45. R 

Evtushenko V. A., and Artyukhova V. p. (1979). 

'Frequency and concentration dependence of resistance and capacity of 
diluted gelation gels', 

Izv. Vyssh. Ucheb. Zaved. Pisch. Tekh. (6) 95-97 


46. R 

Fedorov N. E., and Rogov I. A. (1958). 

'Electrophysical properties of some products of meat industry', 

Izv. Vyssh. Ucheb. Zaved. Pisch. Tekh. (3) 


47. E 

Fernandez-Martin F., and Sanz P. D. (1980). 

'Electrical conductivity of skim milk concentrates', 

Proc. 2nd Int. Conference Physical Properties Agricultural Materials 
3/97/1-6 


48 . E 

Fernandez-Martin F., and Sanz P. D. (1985). 

'Influence of temperature and composition on some physical properties 
of milk and milk concentrates. 5. Electrical conductivity', 
International Agrophysics 1 41-54 


49. C 

Fexa J., and Burianec Z. (1962). 

'Continuous estimation of the moisture content of butter through the 
measurement of dielectric constant', 

Sb. Vys. Sk. chem-technol Praze, Potravin Tech 6 131-138 
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50. 


E 


Foley J. ( 1966 ) . 

'The measurement of electrical changes in cheese curd during cooking', 
Proc. 17th Int. Dairy Congr., Mnichov 


51. C 

Friml M. (1965). 

'Electrical conductivity of juices and syrups in the sugar beet 
industry' , 

Listy Cukrov. 81(9) 209-206 


52. E 

Fritsch C., Egberg D. C., and Magnuson J. S. (1979). 

'Changes in dielectric constant as a measure of frying oil 
deterioration' , 

J. Am. Oil Chem. Soc. 56 746-750 


53. G 

Furth R. (1923). 

'Dielectric constants of some water solutions and their significance to 
the dipole theory of Debye. (Also dielectric constant of some materials 
of biological and technological interest', 

Ann. Physik. 70 63-68 


54. G 

Gildemoister E., and Raerzberg H. J. (1976). 

'Continuous dielectric measurement of the moisture content of foods. 1. 
Factors influencing dielectric measurement of moisture content', 
Lebensmi ttel-Ind. 489-494 


55. r 

Golovkin N. A., and Zelencov E. P. (1938). 

'On the question of quality indices of frozen meat', 

in Trudy Leningr. Mekh-tekhnol . Inst. Kholod. Prom. II 175-194 


Golovkin N. A., and Maslova G. V. (1963). 

'Biophysical studies on the state of fish muscle during chilling and 
cold storage ' , 

International Institute of Refrigeration 11th Congress, International 
Institute of Refrigeration 


Golovkin N. A., and Nozdrunkova I. R. (1965). 

'Electrometric determination of the quality of meat during its storage', 
Myas. Ind. SSSR 36 50-52 


Golovkin N. A., and Nozdrunkova I. R. (1965). 

'On storage of meat at temperatures near to cryoscopic', 
Supplement to Bulletin of IIR Annexe 43-52 


Gorbatov A. V., and Ivanova N. M. (1963). 

'On the relationship between electrophysical and rheological 
characteristics of pork fat', 

in 'Novye Fizicheskie Metody Obrabotki Pischevykh Produktov' 336 
Kiev-GOSINTI 
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60. E 

Gracheva L. I., and Merenbakh YaF. (1978). 

'The influence of physical conditions of complex dielectrics on their 
electrical properties', 

Elektron Arab Mater part 6 68-71 


61. F 

Guilbot A., Charbonniere R. , Abadie P., and Girard P. (1960). 

'L'eau de sorption de 1 'amidon-etude par spectroscopie hertzienne', 

Die Starke (11) 327-332 


62. E 

Handa M., Sato I., and Hayashi H. (1978). 

'Salt content of butter detected by electrical conductivity', 

20th Int. Dairy Congr. 411-412 


63. J 

Hanzawa K., Sone T., Taneya S., and Handa M. (1971). 

'Dielectric properties of butter', 

Oyo Butiri 40 1321-1326 


64. E 

Haq A., and Webb N. B. (1973). 

'Measurement of sausage emulsion stability by electrical resistance', 

J. Food Sci. 38 1224-1227 


65. E 

Harper J. C., and Chichester C. 0. (1960). 

'Microwave spectra and physical characteristics of fruit and animal 
products relative to freeze dehydration'. 

Report of Nat. Res. Corp., contract DA-19-129-QM-1349 US Army 
Quartermaster's Food and Container Institute, Chicago, USA 


66. E 

Harper J. C. , Chichester C. O., and Roberts T. E. (1962). 

'Freeze-drying of foods', 

Agric. Engng 43 78-81,90 


67. E 

Hartshorn L., and Rushton E. (1946). 

'Experiments in high frequency heating', 

Trans. Lpool Engng Soc. 67 111-136 


68. E 

Hayashi T., and Ehlermann D. (1980). 

'Identification of irradiated potatoes by means of electrical 
conductivity' , 

Rep. National. Food Res. Inst. (Japan) (36) 91-97 


69. E 

Hori T., Kako M., and Hayashi H. (1982). 

'Relationship between static electrical conductivity and unfrozen water 
content in food products', 

J. Food Sci. 47 1254-1256 
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Ivanova N. M. , and Rogov I. A. (1964). 

' Frequency characteristics of electrophysical parameters of meat and 
meat products' , 

Izv. Vyssh. Ucheb. Zaved. Pisch. Tekh. 42(5) 119-122 


71. E 

Jackson L. C., and Rothera A. C. H. (1914). 

'Milk - its milk sugar, conductivity and depression of freezing point', 
Biochem. 8 1-27 


72. C 

Janal R. (1977). 

'Specific electrical conductivity in the determination of abnormal milk' 
Prum. Potravin 28 455-457 


73. C 

Janal R. (1979). 

'Effects of disinfectants in milk', 

Prum. Potravin 30 219-221 


74. E 

Jorgensen J. L. (1970). 

'A bridge method for dielectric measurements of grain and seed in the 
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Trans. ASAE 13 18-20 
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Karasenko V. A., and Zayats E. M. (1977). 

' Electrophysical properties of molasses', 
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76. R 
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conductivity as a parameter of automatic testing', 
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'The determination of water content of milk powders by time domain 
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Section 2 

BIBLIOGRAPHY REFERENCE NUMBERS CLASSIFIED 
ACCORDING TO FOOD MATERIAL 


33 




1 

Agricultural products 

* 3 

7 

22 

32 

33 

35 

39 

40 

51 



68 

83 

97 

100 

101 

104 

111 

113 

114 



115 

125 

130 

131 

132 

133 

134 

135 

136 



137 

138 

139 

140 

141 

142 

143 

144 

145 



146 

147 

148 

149 

150 

151 

152 

155 

207 



209 

220 

232 

246 






2 

Alfalfa * 

135 

136 

140 

220 

.232 





3 

Apples * 

2 

22 

36 

41 

104 

127 

132 

134 

145 


146 

157 

209 

231 

232 

236 

247 

248 


4 

Apple juice * 

2 

17 








5 

Arabinose 

38 









6 

Aubergine (egg plant) 

131 

232 








7 

Bacon * 

232 









8 

Bagasse 

172 









9 

Banana * 

4 









10 

Barley * 

130 

131 

232 







11 

Beans 

131 

232 








12 

Beef * 

14 

15 

16 

29 

41 

57 

58 

64 

65 



66 

70 

102 

118 

123 

125 

126 

127 

132 



134 

158 

159 

160 

199 

205 

215 

216 

230 



232 

235 

238 

239 

243 

260 




13 

Biscuits 

96 









14 

Bread and dough * 

21 

41 








15 

Breadcrumbs * 

41 

232 








16 

Bream ( Abramis brama ) 

55 









17 

Butter * 

2 

10 

11 

48 

49 

54 

62 

63 

92 



93 

105 

116 

117 

132 

134 

156 

174 

175 



176 

191 

192 

193 

218 

228 

232 

248 

250 



252 

253 

254 

255 

256 





18 

Cabbage * 

14 

67 

131 

232 






19 

Canteloupe 

132 

145 

146 







20 

Carp 

(Cypr i nus carpio) 

107 









21 

Carrots * 

2 

15 

16 

17 

40 

126 

127 

134 

145 



146 

160 

209 

232 

236 





22 

Cassava 

3 









23 

Castor oil * 

18 

173 

221 








* Products for which data are also tabulated 


35 



24 

Cheese 

69 

95 

190 

196 

203 





25 

Chicken * 

91 

123 








26 

Chocolate 

19 









27 

Citrus juice 

69 

197 








28 

Coconut oil * 

18 

173 








29 

Cod * 

2 

14 

15 

16 

29 

80 

81 

82 

87 


( Cad it 5 morhua) 

88 

127 

132 

134 

213 

232 




30 

Coffee * 

5 

89 

90 

99 

111 





31 

Corn * 

89 

131 

132 

134 

135 

137 

139 

140 

141 



142 

144 

150 

207 

220 

232 




32 

Corn oil * 

170 









33 

Cottonseed oil * 

170 









34 

Cream 

9 









35 

Crucian 

(Cavas s i us cavas s i us) 

56 









36 

Cucumber 

232 









37 

Curd 

190 









38 

Dairy products 

2 

8 

9 

10 

11 

23 

41 

43 

47 



48 

49 

50 

54 

62 

63 

71 

72 

73 



76 

77 

90 

92 

93 

95 

99 

105 

106 



110 

111 

116 

117 

119 

120 

121 

127 

132 



134 

156 

164 

165 

166 

167 

168 

174 

175 



176 

179 

180 

181 

182 

183 

184 

190 

191 



192 

193 

194 

196 

200 

202 

203 

204 

210 



211 

212 

218 

228 

229 

232 

233 

234 

235 



242 

248 

250 

251 

252 

253 

254 

255 

256 

39 

Eggs 

2 

38 

41 

54 

134 

203 

232 



40 

Fats and oils * 

4 

13 

15 

16 

17 

18 

41 

52 

59 



65 

66 

105 

128 

129 

132 

134 

169 

170 



173 

187 

213 

221 

232 

245 

258 



41 

Fish 

2 

12 

14 

29 

41 

56 

80 

81 

82 



83 

85 

86 

87 

88 

107 

158 

187 

208 



212 

230 

232 

240 






42 

Fishmeal * 

60 

78 

79 

84 

111 

232 

- 



43 

Flour * 

26 

27 

30 

31 

41 

60 

113 

148 

149 



207 

232 








44 

Fruit 

2 

3 

4 

5 

17 

22 

36 

41 

65 



66 

83 

104 

109 

127 

132 

134 

145 

146 



157 

160 

209 

231 

232 

236 





* Products for which data are also tabulated 


36 



45 Galactose 38 186 

46 Garlic 259 

47 Gels 45 


48 

Glucose (dextrose) * 

1 

38 

53 

90 

108 

224 

227 



49 

Grain 

5 

28 

32 

33 

34 

74 

89 

100 

102 



113 

130 

131 

132 

133 

134 

135 

136 

137 



138 

139 

140 

141 

142 

143 

144 

148 

149 



150 

206 

207 

220 

225 

232 

241 



50 

Grape juice 

17 









51 

Gravy 

15 

16 

158 

160 

232 





52 

Groundnut oil 

245 









53 

Haddock * 

( Me l anog rarrmus 

80 

81 

83 

85 

87 






aeg 1 e fi nus ) 










54 

Ham * 

15 

16 

24 

67 

125 

126 

127 

160 

232 

55 

Herring * 

( Clupea harengus ) 

14 

41 

232 







56 

Honey 

153 

244 








57 

Lactose 

19 

38 








58 

Lard * 

232 









59 

Legume seeds 

7 

170 








60 

Lettuce 

232 









61 

Lemon sole * 
(Micros toirtus kiti ) 

87 









62 

Lime juice 

197 









63 

Linseed oil * 

18 

221 

245 







64 

Liver (pork) 

15 

16 

160 

231 

232 





65 

Liver (beef) 

70 









66 

Mackerel 

( Scomber scombrus) 

88 









67 

Maltose * 

1 

224 








68 

Maize (corn) * 

206 

207 









69 Mannose 38 

70 Margarine 111 


* Products for which data are also tabulated 


37 



71 

Heat 

5 

6 

14 

15 

16 

24 

29 

41 

46 



55 

57 

58 

64 

65 

70 

91 

118 

123 



125 

126 

127 

132 

154 

158 

159 

160 

185 



195 

198 

199 

201 

205 

214 

215 

216 

226 



230 

232 

235 

237 

239 

240 

243 

260 


72 

Heat broth 

15 

25 

91 







73 

Hilk * 

16 

23 

39 

41 

43 

47 

48 

71 

72 



73 

76 

77 

106 

110 

119 

120 

121 

127 



132 

134 

164 

165 

166 

167 

168 

179 

180 



181 

182 

183 

184 

190 

194 

196 

200 

202 



204 

210 

211 

212 

229 

232 

233 

234 

242 

74 

Hilk (dried) 

23 

41 

77 

89 

90 

99 

111 

232 

235 

75 

Hillet * 

60 

101 

131 

232 






76 

Holasses 

75 

103 








77 

Hust 

37 









78 

Hustard oil * 

245 









79 

Oats * 

60 

131 

135 

136 

140 

220 

232 



80 

Okra 

132 

232 








81 

Olive oil * 

18 

173 

208 







82 

Onion 

203 

232 








83 

Orange juice 

160 

197 








84 

Parsley 

203 









85 

Peaches * 

65 

66 

109 

132 

134 

145 

146 

209 

232 



236 









86 

Pears * 

3 

65 

66 

134 

232 

236 




87 

Peas * 

15 

16 

60 

65 

66 

8-3 

.134 

160 

232 



249 









88 

Pea flour 

249 









89 

Peanuts 

131 

132 

134 

232 






90 

Peanut butter 

160 









91 

Pecans * 

147 









92 

Pepper 

131 

203 

232 




- 



93 

Pineapple 

160 









94 

Pizza 

118 

160 








95 

Pork * 

6 

15 

16 

24 

64 

65 

66 

91 

118 



123 

126 

127 

132 

134 

160 

185 

215 

216 



217 

226 

230 

232 







* Products for which data are also tabulated 


38 



96 


Potatoes * 


96 Potatoes * 4 

16 

17 

22 

35 

39 

41 

65 

66 

67 

68 

90 

124 

125 

126 

127 

128 

132 

134 

145 

146 

158 

160 

169 

171 

195 

209 

223 

232 

236 

237 







97 

Potato chips (crisps) 

* 169 

171 

232 

98 

Potato chips * 
(French fried) 

17 

134 

160 

99 

Quarg 

196 



100 

Rabbit 

91 



101 

Rapeseed 

114 

115 

155 

102 

Rapeseed oil 

18 



103 

Ribose * 

38 

224 


104 

Rice 

94 

122 

187 

105 

Roe (fish) 

187 



106 

Rye (grain) 

32 

35 

232 

107 

Sausage 

64 



108 

Scampi tails 
( Nephrops norveg i cus) 

86 




109 

Seeds * 

5 

7 



232 


110 

Sesame oil * 

18 

173 

111 

Sesame seeds 

5 


112 

Sorghum 

131 

135 

113 

Soya flour 

88 


114 

Soybeans * 

131 

135 

115 

Soybean salad oil * 

170 


116 

Spinach * 

65 

66 

117 

Sprats * 

( Spraltus sprattus) 

14 

56 

118 

Squash * 

65 

66 

119 

Starch 

1 

39 



198 

227 

120 

Strawberries 

83 


121 

Strawberry juice 

17 



101 

114 

115 

131 

135 

136 

136 

140 

220 

232 



136 

140 

152 

213 

232 


131 

132 

134 

232 



118 

187 

232 




132 

134 

232 




42 

232 

61 

94 

112 

162 

163 


139 


189 


* Products for which data are also tabulated 


39 



122 

Sucrose * 

38 

51 

90 

108 

111 

190 

227 

232 


123 

Sugar beet 

41 

51 

131 

132 

220 

232 




124 

Sugars 

19 

20 

38 

41 

44 

53 

71 

75 

90 


103 

108 

161 

177 

170 

180 

198 

224 

227 



232 









125 

Sunflower oil * 

170 









126 

Sweet potato 

35 

145 

146 







127 

Tea 

196 









120 

Tomato 

160 

232 








129 

Turkey * 

123 

232 








130 

Vegetables 

2 

14 

15 

16 

17 

40 

51 

60 

67 



84 

87 

98 

114 

116 

126 

127 

131 

132 



133 

145 

146 

160 

209 

232 

235 

236 

259 

131 

Vegetable soup 

15 

40 

83 

232 






132 

Wheat * 

28 

34 

89 

97 

100 

102 

111 

113 

131 



132 

133 

134 

135 

136 

138 

140 

143 

148 



149 

151 

207 

220 

232 





133 

Whey 

203 

204 

232 







134 

Yoghurt 

196 










* Products for which data are also tabulated 
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Section 3 

BIBLIOGRAPHY REFERENCE NUMBERS CLASSIFIED 
INTO FOUR MEASUREMENT FREQUENCY RANGES 


1 DC to 50 kHz 


2 50 kHz to 1MHz 


3 1MHz to 500MHz 


4 500MHz to 20GHz 


1 

2 

3 

8 

9 

19 

20 

22 

23 

24 

25 

27 

30 

31 

32 

33 

36 

37 

38 

40 

43 

44 

45 

47 

48 

50 

51 

52 

53 

55 

56 

57 

58 

60 

61 

62 

63 

64 

68 

69 

71 

72 

73 

75 

76 

82 

83 

87 

88 

94 

95 

98 

104 

105 

106 

107 

108 

109 

110 

129 

132 

133 

134 

136 

138 

140 

151 

157 

161 

162 

164 

165 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

190 

191 

192 

193 

194 

197 

200 

201 

202 

205 

209 

213 

214 

215 

216 

217 

218 

220 

221 

222 

225 

226 

227 

229 

231 

232 

234 

237 

242 

245 

246 

252 

258 

259 

260 









1 

2 

5 

6 

9 

26 

27 

35 

40 

41 

42 

46 

54 

57 

58 

59 

60 

61 

63 

70 

82 

83 

100 

114 

116 

117 

130 

132 

133 

134 

136 

138 

140 

141 

147 

151 

163 

166 

184 

188 

189 

190 

207 

208 

209 

218 

222 

228 

230 

231 

232 

246 

251 

252 

260 






1 

2 

5 

6 

7 

9 

10 

11 

14 

17 

21 

26 

27 

29 

40 

41 

42 

46 

49 

54 

57 

59 

61 

63 

67 

70 

77 

80 

82 

83 

91 

92 

93 

96 

100 

101 

102 

103 

105 

111 

114 

115 

120 

122 

127 

130 

131 

132 

133 

134 

136 

138 

139 

140 

141 

142 

143 

144 

147 

150 

151 

152 

153 

155 

156 

158 

160 

163 

167 

168 

169 

170 

171 

172 

185 

187 

189 

200 

195 

196 

198 

207 

208 

209 

216 

218 

219 

222 

224 

230 

231 

232 

235 

237 

239 

240 

247 

248 

250 

251 

253 

254 

255 

256 

257 






1 

2 

4 

7 

12 

13 

15 

16 

17 

28 

29 

34 

39 

61 

65 

66 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

89 

90 

97 

99 

102 

111 

112 

113 

114 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

158 

159 

160 

169 

170 

171 

195 

196 

198 

199 

203 

204 

210 

211 

212 

222 

223 

224 

231 

232 

233 

235 

236 

238 

239 

243 

245 

247 

248 

249 
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Section 4 


ELECTRICAL AND DIELECTRIC DATA SELECTED 
FROM THE BIBLIOGRAPHY 


The data tabulated in this section have been taken from selected 
references within the bibliography and refer to the food materials indicated 
* in Section 2. 

The data are presented as real and imaginary parts of the complex 
permittivity, e' and e" respectively, at decade frequency intervals. In some 
instances dc specific conductivity is shown. 

The original form of these data was either numerical in tables or 
graphical as plots of s' and e" versus frequency with some parameter such as 
temperature or moisture content indicated. In the latter case the data have 
of necessity been read from the published curves and are therefore subject 
to any potential errors due to the difficulties inherent in this. Such errors 
may also be exacerbated by the need in some cases to calculate e" from given 
values of tan a (the ratio of e"/e') or a, the conductivity at the frequency of 
measurement. These points are made in order that authors of some of the 
references do not dispute the figures given as being at variance with their 
own original results. Such differences, it is believed, should be small and 
unimportant. 

A further point concerns the selection of data for these tables. In general 
the data included are considered representative. In some cases there exist 
many published data on certain products but only those amenable to 
inclusion in these tables have been selected. For example, results may have 
been quoted in terms of specific instrument readings only and these have 
been ignored. Further, where one author has published data over a wide 
frequency range then that data has been selected in preference to data 
published for one frequency only. 

Similarly the effects of variables such as the bulk density of powders or the 
degree of dispersion of water in butter have been ignored and only a 
selection included of the data from a particular work. 

The tables are not meant to be exhaustive or comprehensive but rather to 
give a broad feel for the magnitude of the dielectric properties of foodstuffs. 
If anything, they show how much more remains to be done in relation to the 
measurement of these properties of foodstuffs. 
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Finally, Tinga and Nelson 232 have published a much more general table 
of dielectric properties of materials including foodstuffs. That table and 
bibliography, whilst more general in coverage, is also more restricted in its 
sources of data. If available it may be used in conjunction with this work 
since to a certain extent they complement each other but as a bibliography 
this present work is the more complete. 


TABLES CONTAINING DIELECTRIC DATA FOR FOOD AND 
AGRICULTURAL MATERIALS 


Table I Agricultural Products 

Alfalfa 

Oats 

Barley 

Pecans 

Coffee beans 

Sesame seeds 

Maize (corn) 

Soybeans 

Millet 

Wheat 

Table 2 Bakery Products 

Bread 

Breadcrumbs 

Flour 

Table 3 Dairy Products 


Butter 

Skim milk 

Milk concentrates 

Milk powders 

Table 4 Fish 

Cod 

Herring 

Fishmeal 

Lemon sole 

Haddock 

Sprats 

Table 5 Fruit 

Apple 

Peach 

Apple juice 
Banana 

Pear 

Table 6 Meat 

Beef 

Pork 

Chicken 

Ham 

Turkey 
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Table 7 Oils and Fats 


Bacon fat 
Beef fat 
Castor oil 
Coconut oil 
Corn oil 
Cottonseed oil 
Ham fat 
Lard 

Table 8 Sugars 

Glucose 

Maltose 

Table 9 Vegetables 

Cabbage 

Carrot 

Peas 

Potato 


Linseed oil 
Mustard oil 
Olive oil 
Pork fat 
Sesame oil 
Soybean salad oil 
Sunflower oil 


Ribose 

Sucrose 


Potato chips (crisps) 

Spinach 

Squash 
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Table 1 


Agricultural Products 
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f (Hz) 


10 6 

10 7 

10 8 

10 9 

10 10 

Remarks 

3.5 

3.3 

2.9 

2.5 

2.3 

Ref 136 


0.17 0.25 0.25 0.21 0.13 me = 7.5% 



Ref 

224 



(a) 

250 

Hz 


me = 

5. 

5% 


me = 

6. 

8% 


me = 

7. 

8% 


me = 

10. 

7% 


Ref 

97 



natural 

dens 

jty 

(a) 

9.4 

x 10 

HZ 

me = 

12% 


me = 

18% 


Ref 

131 


a 

(a) 

0.5 

x 10 

8 Hz 

me = 

9. 

2% 


me = 

15. 

2% 


me = 

20. 

0% 



Ref 5 


0.17 


0.07 


me = 8.0% 




























Table 1 (contd) 


Agricultural Products 
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Remarks 



4.02 3.62 3.21 2.41 2.10 

0.25 0.41 0.41 0 0.2 

7.07 5.44 4.63 3.01 2.60 

1.73 0.82 0.62 0.1 0.3 

10.7 7.28 5.45 3.54 3.0 

5.76 2.06 1.03 0.2 0.5 


Ref 5 (contd) 
me = 1.2% 

(a) 2 x 10 7 Hz 

Ref 5 

(a) 2 x 10 Hz 


Ref 207 

(a) 2 x 10^ Hz 

(b) 2 x 10^ Hz 

(c) 2 x lo' Hz 

me = 10% 


me = 20% 


me = 30% 
Ref 141 
me = 10% 


me = 20% 


me = 30% 






























Table 1 (contd) 


Agricultural Products 



50 




































f (HZ) 



Remarks 

Ref 
me = 

141 
: 40% 

( contd) 

Ref 

220 


(a) 

250 

Hz 

me = 

i 8. 

8% 

me = 

o 

H | 

1% 

me = 

: 12. 

0% 

Ref 

220 


me = 

« 14. 

2% 

Ref 

97 


natural 

density 

(a) 

0.94 

x 10 10 Hz 

me = 

12% 


me = 

18% 


Ref 

101 


me = 

8% 


me = 

11% 


me = 

14. 

5% 

me = 

21% 























Table 1 (contd) 


Agricultural Products 













10 4 


Product 

T(°C) 

1 

10 

10 2 


io 3 

10 5 

Millet 

21 





■ 

1.15 


(contd) 






■ 

0.01 


Oats 

24 

e' 


2.90 

a 

2.90 

2.71 




e" 


0.48 


0.29 

0.079 




e' 


4.52 

a 

3.87 

3.23 




e n 


2.14 


1.11 

0.25 




e' 


10.65 

a 

7.10 

4.19 




e" 


4.29 


3.89 

1.03 






15.81 

a 

13.55 

7.23 






2.14 


3.89 

3.02 






18.70 

a 

17.10 

11.16 






2.86 


3.33 

4.29 



24 

e ' 


7.32 

a 

5.05 

3.51 

2.9! 



e" 


3.79 


2.06 

0.74 

0.2! 


21 





5.0 

4.4 








0.016 

0.079 


Pecans 

22 

e' 






2.3! 

( chopped) 


e" 






0.6! 



e ' 






5.4! 



e" 






2.3! 



e' 






7.11 



e" 






3.0! 
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2.05 

0.244 

2.01 

0.168 

1.94 

0.139 

1.77 

0.100 

1.71 

0.066 

3.02 

2.47 

2.21 

1.94 

1.87 

1.45 

0.532 

0.218 

0.139 

0.104 

4.70 

3.02 

2.51 

2.21 

1.98 

2.10 

1.08 

0.353 

0.226 

0.181 


Remarks 

Ref 

60 


me 

= 24 

8% 

Ref 

220 


(a) 

250 

Hz 

me 

= 7 

.7% 

me 

= 9 

.5% 

me 

= 11 

1% 

me 

= 12 

6% 

me 

= 14. 

.0% 

Ref 

136 


{ a ) 

250 

Hz 

me 

= 10. 

.7% 

Ref 

60 


Ref 

147 


me : 

= 3. 

.6% 


0.181 me = 6.5% 


53 
































Table 1 (contd) 


Agricultural Products 






Product 

T(°C) 


10 

10 2 

10 3 

io 4 

in 

o 

H 

Pecans 

22 

m 






8 A 

(chopped) 

(contd) 


H 






4 .] 

Sesame seeds 

20 

e' 









e" 








40 

e' 









e" 








80 

e' 









e" 








120 


















160 

e' 









e" 







Soybeans 

24 

e' 


3.05 

a 

2.85 

2.58 




e" 


0.62 


0.39 

0.12 




e' 


7.5 

a 

5.2 





e" 


4.2 


3.0 




24 

e ' 


12.2 

a 

10.5 

6.5 




e" 


2.6 


3.5 

3.0 




e' 


14.8 

a 

13.1 

9.6 




e" 


4.8 


3.5 

3.3 



24 

B 


7.0 

a 

4.95 

3.40 

3.2 




i 

3.92 


2.39 

0.78 

0.3 
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f (HZ) 


10 6 

10 7 

oo 

o 

H 

10 9 

o 
H 
O 
»— 1 

Remarks 

5.25 

3.37 

2.70 

2.33 

2.05 

Ref 147 (contd) 

2.73 

1.50 

0.595 

0.262 

0.195 

me = 8.6% 

500 

100 




Ref 5 

40 

10 




me = 24% 

900 

110 




me = 24% 

2.0 

2.0 





0.015 

0.03 




me = 0.7% 

2.15 

2.1 





0.05 

0.05 





2.50 

2.30 





0.33 

0.08 










Ref 220 
(a) 250 Hz 
me = 6.1% 






me = 8.5% 






Ref 213 
(a) 25 Hz 
me = 10.8% 






me = 12.7% 

3.05 

2.89 

2.68 

2.58 

2.47 

Ref 136 
(a) 250 Hz 

0.29 

0.25 

0.19 

0.12 

0.12 

me = 8.5% 
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Table 1 (contd) 


Agricultural Products 


Product 

T { °C ) 

1 


10 

c* 

o 

H 

10 3 

10 4 

10 5 

Wheat 

22 

e ' 








e" 
















fl 







25 

B 








B 







24 

e' 



4.12 

4.12 

4.12 



e" 



0.13 

0.12 

0.13 






27.0 

15.6 

9.15 






10.0 

5.62 

3.16 



e ' 








e" 



365 

100 

13.3 


24 



6.23 3 

5.4 

2.99 




B 


1.82 

1.14 

0.34 




e' 


9.19 a 

7.19 

5.09 




e" 


4.09 

2.95 

1.09 




B 


14.11 a 

B 

6.75 






5.23 


3.23 




e' 


20.67 a 

17.2 

9.86 




e" 


6.25 

7.73 

5.80 



24 



9.69 3 

7.53 

$.46 

4.64 





2.89 

2.31 

0.91 

0.33 
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Remarks 



Ref 97 

natural density 
( a ) 9.4 x 10 Hz 
me = 12% 


me = 18% 


Ref 

102 

(a) 

3 x 10 Hz 


2.03 Ref 138 

0.10 me = 6.0% 

2.89 

0.274 me = 16.8% 


me = 23.8% 


Ref 220 
(a) 250 Hz 
me = 10.0% 


me = 12.0% 


me = 14.0% 


me = 15.8% 


4.54 

4.3 

3.61 

2.89 

2.58 

Ref 136 
(a) 250 Hz 

0.21 

0.41 

0.45 

0.29 

0.25 

me = 12.5% 


57 






































Table 2 


Bakery Products 
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59 





















Table 2 (contd) 


Bakery Products 



60 


























f {Hz ) 
























Table 2 (contd) 


Bakery Products 



62 































f (Hz ) 



Remarks 


Ref 

41 

(contd) 

(b) 

2 x 

10 7 

Hz 

(c) 

2 x 

10 7 

Hz 

(a) 

2 x 

10* 

Hz 

(b) 

2 x 

10 7 

Hz 

(c) 

2 x 

10 7 

HZ 

me = 

3 

.2% 

- 

me = 

9 

.0% 

. 

me = 

14 

.4% 

. 

me = 

3 

.2% 

_ 

me = 

9 

.0% 

. 

me = 

14 

.4% 

. 

me = 

3 

«#» 

<N 

. 

me = 

9 

.0% 


me = 

14 

.4% 

. 

me = 

3 

.2% 



63 
























Table 2 (contd) 


Bakery Products 


Product 




10 

10 2 

m 

o 

H 

io 4 

10 5 

Flour 

(contd) 

40 

e' 

e" 





5.0 a 
0.265 

e ' 
e" 





H 

70 

e' 

e" 





4.2 a 
0.118 

e' 

e" 





5.7 * 

0.684 

e' 

e" 






100 

e' 

e" 





4.2 4 

0.122 

e' 

e" 





7.4 4 

2.88 

e' 

e" 






22 

e f 

e" 






H 






e' 

e" 







64 



















































Table 2 (contd) 


Bakery Products 


Product 

T(°C) 

1 


10 

10 2 

10 3 

io 4 

10 5 

Flour 

(contd) 


e' 

e" 






B 







66 














f(Hz) 

10 6 

10 7 

10 8 

10 9 

10 10 

Remarks 





4.58 8 
0.812 

Ref 149 (contd) 
me * 12.2% 





5.11 a 
1.22 

me - 14.7% 


67 











Table 3 


Dairy Products 



68 
































f (Hz) 




10 6 

10 7 

10 8 

10 9 

10 10 

Remarks 


6-18 a 




Ref 10 

variation with 
degree of dispersion 
(a) 3 x 10 ' Hz 

4.6 

0.02 

4.0 

0.16 




Ref 63 
me = 16.06% 

4.56 

0.01 





me = 18% 

5.31 

0.03 






5.12 a 

5.08 

4.31 



Ref 92 

(a) 1.3 x 10° Hz 

5.04 * 

5.04 

4.18 



4.96 a 

4.92 

3.98 



4.88 “ 

4.79 

3.77 



4.75 a 

4.59 

3.57 



4.59 ® 

4.39 

3.39 



4.39 a 

4.06 

3.24 




69 

































Table 3 (contd) 


Dairy Products 


Product 

T(°C) 

1 


10 

10 2 

10 3 

10 4 

10 5 

Butter 

(contd) 

-20 

e' 

e" 





4.9 a 
0.196 

0 






5.5 * 

0.094 

10 

€ 9 
e" 





5.7 4 
0.171 

20 

e' 

c" 





5.4 a 
0.027 

30 

e' 

c" 





5.4 a 
0.016 

4 

B 






B 






20 

B 





5.95 3 

e' 

c" 




- 

6.42 4 

e' 

e" 





6.01 1 

e' 

0" 





6.08 1 


70 






























71 





























Tabl* 3 (contd) 









































10 


Remarks 


Ref 48 


20% total solids 
(a) dc- conductivity 
<r(sm l ) 


Ref 48 


20% total solids 
(a) dc conductivity 
<r(sm 1 ) 


1.74 

0.032 


Ref 99 

p = 500 kg m 
me - 4.0% 


1.80 


0.049 


1.88 


me = 


7.5% 


0.073 


me = 9.6% 














Table 3 (contd) 


Dairy Products 






Product 



10 

10 2 

10 3 

10 4 

in 

o 

H 

Milk Powders 

0 






2.0 

(skimmed) 

(contd) 







0.038 


20 

e' 





2.2 



e" 





0.035 


40 

B 





2.3 j 



1 





0.041 


70 

e 9 





2.5 ! 



e" 





0.078 


100 

e ' 





3.9 3 



e" 





1.56 

(whole milk) 

0 

e 9 





2.2 3 



e n 





0.029 


20 

e ' 





2.3 3 



e" 





0.028 


40 

e 9 





2.3 3 



e" 





0.025 


70 

e 9 





2.5 3 



e" 





0.038 


100 

e 9 





3.0 3 



e" 





0.246 

Milk 

25 

e 9 






( skimmed) 


e" 







74 
































































Table 3 (contd) 


Dairy Products 


Product 

Tccr 



10 

10 2 

10 3 

10 4 

in 

O 

H 

Milk 

( skimmed) 
(contd) 

35 







45 

H 






55 

i 






0 

e' 

e" 






30 

e' 

e" 






50 

e' 

e" 






0 

e ' 
e" 






30 

B 






50 

e' 

e n 







76 























10 9 


74.5 


22.0 


70.0 


25.6 


67.2 


29.4 


70.1 

a 

25.9 


66.3 

a 

15.2 


60.7 

a 

14.1 


63.5 

a 

23.0 


60.0 

a 

13.2 


55.0 

a 


12.1 


10 10 

Remarks 


Ref 121 (contd) 


Ref 211 


(a) 3 x 10 Hz 


me = 91% 





















Table 4 


Fish 



78 





































79 
























Table 4 (contd) 


Fish 


Product 

T(°C) 

Cod (fresh) 
( contd) 

-20 


-30 

Fishmeal 

10 


50 


90 


10 


50 


90 


10 


50 


90 



































81 



















Table 4 (contd) 


Fish 






Product 

T(°C) 


10 

10 2 

10 3 

10 4 

10 5 

Fishmeal 

25 





1.15 3 

1.10 b 

1.05 c 

( contd) 


p| 




0.0081 

0.0094 

0.010 



e ' 




1.27 3 

1.20 b 

1.12 c 



£ n 




0.0121 

0.0128 

0 . 014 C 



£ 9 




1.35 3 

1.28 b 

1.15 C 



e" 




0.0151 

0.0161 

0.0168 

Haddock 

- 78.5 

£ 9 

80.0 

a 

70.0 

40.5 



(fresh) 


£" 

17.0 


15.0 

26.0 



Herring 

2 

£ ' 









E" 








-10 

£' 









£ " 








-20 

£ ' 






a 



£" 






233 


-10 

£ ' 






a 



£ n 






809 


0 

£ ' 






a 



£ n 






18000 

Lemon Sole 

- 78.5 

£ ' 

86.0 

a 

43.0 

39.0 



(fresh ) 


£ " 

27.0 


20.0 

28.0 



Sprats 

2 

£ f 









£" 








82 


















































83 


























Table 4 (contd) 


Fish 


Product 

T(°cP 

1 


10 

10 2 

10 3 

10 4 

10 5 

Sprats 

(contd) 

-10 

e 9 
e" 







84 














f (He) 


10 6 

10 7 

00 

o 

H 

io 9 

o 

H 

O 

H 

Remarks 


10.0 a 
15.5 

6.5 

3.3 



Ref 14 (contd) 
(a) 3.5 x 10 Hz 


85 












Table 5 



86 
































f (Hz) 



87 


Remarks 


10 10 

42.0 


Ref 236 


23.1 


Ref 209 


Ref 17 

(a) 2.7 x 10 Hz 
me = 5.0% 


me = 10% 


me = 15% 


me = 20% 


Ref 4 

(a) 2.2 x 10 Hz 


Temperature 

increasing 


Temperature 

decreasing 





























Table 5 (contd) 


Fruit 


Product 

T(°C) 

Banana 
(mashed ) 
( contd) 

40 


30 

Peach 

25 


20 

Peach 
( freeze 
dried) 

-4 


-7 


-10 


-15 

Pear 

23 

Pear (freeze 
( dried) 

-4 


-10 




































f (Hz) 



- rt 10 

10 Remarks 

Ref 4 (contd) 
Temperature 
decreasing . 
(a) 2.2 x 10 


Ref 209 

49.9 Ref 236 
34.6 

Ref 66 - 

(a) 5.0 x 10 



89 


































Table 6 


Heat 


Product 


Beef (raw) 


( roasted) 


( raw) 


( raw) 


( raw) 


( raw) 



e 
































f(Hz) 



10.7 

100.0 71.0 


Remarks 
Ref 118 



Ref 123 

(a) 3 x 10 Hz 

(b) 0.915 x 10 

(c) 0.245 x 10 



Ref 14 




9 

10 


Hz 


Hz 


Hz 

Hz 


800 


107 




























Table 6 (contd) 


Meat 



92 





























93 





































Table 6 (contd) 



94 



























io 9 

10 10 

Remarks 

6.1 a 
0.98 


Ref 15 (contd) 
(a) 2.8 x 10 Hz 

35.4 a 
13.7 


35.4 a 
11.6 


33.9 3 

10.7 


32.1 3 

10.6 


a 

1.64 


Ref 239 

(a) 0.915 x 10 Hz 
me = 20% 

a 

13.9 


me = 4 5 % 

a 

2.05 


me = 20% 

a 

17.8 


me = 45% 

a 

3.3 


me = 20% 

a 




29.3 


me = 45% 





















Table 6 (contd) 


Meat 




































f (Hz) 



4.49xl0 4 

b 

1.26 


10 7 10® 10^ 10*® Remarks 

5.3 a 4.6 b 4.0 C Ref 123 

(a) 3 x 10 Hz 

(b) 0.915 x 10* Hz 

1.31 0.87 0.51 (c) 0.245 x 10 1 Hz 



48.0 a 


29.0 































Table 6 (contd) 



98 
































Remarks 



1.18xlO J 

1.5 

95.0 70.0 


655 84.0 



Ref 15 (contd) 
(a) 2.8 x 10 Hz 


Ref 6 


Ref 2 , 15 


Ref 15 

(a) 2.8 x 10 Hz 
salt = 0% 

large variation 
with salt content 
up to 6.1% 


Ref 14 





























Table 6 (contd) 


Heat 































101 
































Table 6 (contd) 


Meat 


Product 

T(°CT 

1 


10 

10 2 

10 3 

10 4 

10 5 

Turkey 

(cooked) 

(contd) 

5 

e' 

e" 






30 

e' 

e" 






65 

e' 

e" 







102 


















f (Hz) 

10 6 

10 7 

10 8 

10 9 

o 

H 

O 

H 

Remarks 



46.7 4 

46.0 


37.9 C 
16.0 

Ref 235 (contd) 

(a) 3 x 10 Hz 

(b) 0.915 x 10* Hz 

(c) 0.245 x 10 Hz 

me = 66.5% 



45.6 8 

78.1 


39.0 C 

16.0 



37.4 a 
88.8 

EH 

33.9 C 
16.0 


103 
















Table 7 



104 
































f (Hz) 





Ref 14 































Table 7 (contd) 


Oils and Fats 


Product 

T ( °C ) 



10 

10 2 

10 3 

10 4 

10 5 

Beef fat 
(contd ) 

(clarified) 

-10 

e ' 
e" 






-20 

1 





3.0 a 
0.183 

0 

e ' 
e" 





3.5 a 
0.333 

20 

e' 

e" 





3.9 a 
0.191 

40 

e ' 
e" 





3.7 a 
0.122 

70 

c ' 
e" 





3.9 a 
0.312 

Castor oil 


e ' 
e" 





4.86 

0.041 

Coconut oil 


c ' 
e" 







e • 
e" 






Corn oil 

25 

e' 

e" 






49 

e ' 
e" 







106 






































107 



























Table 7 (contd) 


Oils and Fats 


Product 

T(°C) 

1 


10 

10 2 

10 3 

10 4 

in 

o 

Corn oil 
(contd) 

82 

e' 

e" 






Cottonseed 

25 

B 






49 

e ' 
e" 






82 

e' 

e" 






Ham fat 

20 

e' 

e" 






Lard 

25 

e' 

e rt 






49 

e' 

s" 






82 

e' 

e" 






Linseed oil 


e' 

e" 





3.43 

Mustard oil 

i 


e' 

e" 



! 


3.12 

0.069 

Olive oil 


e * 
e" 





3.18 

0.018 


108 






































Remarks 



Ref 170 (contd) 

(a) 3 x 101 Hz 

(b) 3 x 10 Hz 


Ref 6 7 


Ref 170 

(a) 3 x 101 Hz 

(b) 3 x 10 S Hz 


Ref 208 


Ref 208 


Ref 208 


109 






































Table 7 (contd) 


Oils and Fats 


Product 

T ( °C ) 



10 

10 2 

10 3 

10 4 

10 5 

Pork fat 

i 

10 

e' 

e" 






-5 

e' 
© " 






0 

e' 

e" 






-5 

©' 

e" 






-10 

e' 

e" 






20 

e' 

E" 





2.25 

0.185 

30 

B 





2.38 

0.176 

40 

© ' 
e" 





2.38 

0.033 

50 

e r 
e" 





2.28 

0.011 

60 

e' 

e" 





2.21 

0.019 

70 

e * 
e" 




: 

2.18 

0.011 

80 

e' 

e" 

i 




2.14 

0.068 


no 








































f (HZ) 



111 



























Table 7 (contd) 


Oils and Fats 






Product 

T(°C) 

1 

10 

10 2 

10 3 

10 4 

10 5 

Pork fat 

80 

19 





2.14 

( contd ) 


1 





0.068 


90 

e ' 





2.13 



£ n 





0.048 


20 

e' 





2.30 



e" 





0.046 


40 

e ' 





2.43 



e" 





0.036 


60 

e' 





2.27 



e" 





0.034 


80 

e' 





2.19 



e" 





0.028 


20 

e' 








e n 






Pork fat 

-20 

e' 





2.7 d 

( clarified) 


e" 





0.111 


0 

e 9 





3.1 8 



e" 





0.112 


20 

e f 





3.3 8 



e" 





0.056 


40 

e f 





3.3 a 



e" 





0.008 

112 







































113 


























Table 7 (contd) 


Oils and Fats 


Product 


Pork fat 
(clarified) 
{ contd) 


Sesame oil 


Soybean salad 
oil 


Sunflower oil 



e 





































Remarks 


10 


10 


10 


10 


10 


10 



Ref 41 (coptd) 

(a) 2 x 10^ Hz 

(b) 2 x 10° Hz 

(c) 2 x 10 Hz 


Ref 208 


Ref 170 

(a) 3 x 10g Hz 

(b) 3 x 10* Hz 


Ref 4 

(a) 2.2 x 10 Hz 


Temperature 

increasing 


0.116 



























Table 8 



116 






























f (Hz) 




Ref 198 

20% glucose solution 


40% 


60% 


Ref 90 

(a) 3.05 x 10* Hz 

(b) 1.15 x 10 Hz 
20% glucose solution 


30% 


40% 


50% 


60% 


Ref 90 

(a) 3.05 x 10* Hz 

(b) 1.15 x 10 1U Hz 
20% glucose solution 


117 



























Table 8 (contd) 


Sugars 



118 


























f (Hz) 



Remarks 

Ref 

90 (con 

td i 

(a) 

3.05 x 

10 10 HZ 

(b) 

1.15 x 

lo 10 HZ 

30% 

glucose 

solution 

40% 



50% 



60% 



20% 



30% 



40% 



50% 



60% 



Ref 1 
0% water 


Ref 224 

1.4 m solution 


119 






























Table 8 (contd) 

Sugars 

Product T(°C) 


Ribose 


5 






























10 10 

Remarks 

24.0 


Ref 

224 



2.8 

m solution 

to 

-j 

o 


(a) 

2 x 10 Hz 

24.0 


Ref 

224 



2.8 

m solution 



(a) 

2 x 10 q Hz 

24.5 


(b) 

2 x 10 Hz 



Ref 

198 



20% 

sucrose solution 


40% 



60% 



H 

Ref 

90 9 



(a) 

3.05 x 10* Hz 
1.15 x 10 1 Hz 



(b) 



20% 

sucrose solution 

41.8 


30% 


24.2 




29.5 


40% 


19.4 





1 

60% 



■ 



49.4 

b 

20% 


18.2 






30% 







121 
































Table 8 {contd) 


Product 

T( °C) 



10 

10 2 

10 3 

10 4 

10 5 

Sucrose 
{ contd ) 

50 

e' 

e" 






e ' 
e" 






e' 

e" 






70 







e ' 
e" 






e ' 
e" 






e ' 
e" 






e ' 
e" 







122 





















f (Hz) 



10 6 

10 7 

10 8 

io 9 

io 10 

Remarks 




51.7 a 

11.8 

m 

Ref 90 (contdl 

(a) 3.05 x 10* Hz 

(b) 1.15 x 10 Hz 

40% sucrose solution 




34.4 3 

14.4 


60% 





u 

72% 




59.8 a 
6.5 

48.9 b 
16.3 

20% 





45.4 b 

14.5 

30% 




51.2 3 

8.8 


40% 




38.4 3 

11.3 


60% 





15.8 b 
11.3 

72% 


123 


















Table 9 


Vegetables 


Product 

T(°C) 

- 


10 

10 2 

10 3 

10 4 

10 5 

Cabbage 

20 

e ' 
e rt 






e' 

e" 






Carrot (raw) 

Carrot 
( cooked) 

Carrot (raw) 

1 

Carrot 

(dehydrated) 


B 



4.7xl0 5 

5.4xl0 4 

9.3xl0 3 

20 

a 






-10 

a 






3 

e ' 
e" 






40 

a 






60 

e ' 
e" 






-20 

B 






22 

e' 

e" 






20.7 

e f 

e" 




2.4 

2.3 

0.029 


124 







































125 

























Table 9 (contd) 


Vegetables 


Product 

T ( °C ) 



10 

10 2 

10 3 

10 4 

10 5 

Carrot 

(dehydrated) 

(contd) 

20.77 

H 




2.6 

2.5 

0.029 





2.8 ' 

2.7 

0.111 





4.05 

3.48 

0.475 





16.43 

8.97 

15.72 

e' 

e" 




22.54 

12.5 

49.8 

Peas (cooked) 

-20 

e 9 
e" 






-10 

B 






3 

H 






20 

B 






40 


■ 





60 








126 





































127 



















Table 9 (contd) 


Vegetables 



e 



























































Table 9 <contd) 


Vegetables 



130 

































131 


































Table 9 (contd) 


Vegetables 


Product 

T(°C) 

Potato 

(freeze dried) 
( contd ) 

25 

(boiled) 

-15 


23 

Potato chips 
(crisps ) 

25 


50 


81 


21.5 


50 































133 




























Table 9 (contd) 
Vegetables 


Product 

T(°C) 

1 


10 

10 2 

io 3 

10 4 

in 

o 

H 

Potato chips 
( crisps ) 
(contd) 

80 

e # 

e n 






Spinach 

-15 

e' 

e" 






23 

H 






Squash 

-15 

e • 
e" 






23 

H 







134 
















































